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ABSTRACT 
  This work was designed to study the prevalence of enteric 
bacteria in the intestines of the American cockroach Periplaneta 
americana with special reference to Escherichia blattae. 
Sixty cockroaches collected from Khartoum province sewages 
were dissected. The intestines were cultured on MaCconkey’s agar. 
All intestines of cockroaches examined reveled enteric bacteria, with 
38% of the isolates resembled E.blattae. Only three of the isolates 
showed100% similarity to E.blattae, the latter showed blue colors on 
chromogenic media while other ENTERIC bacteria like E.coli showed 
pink-mauve colors. It is concluded that the American cockroach 
P.americana harbors E. blattae such findings could be confirmed by 
molecular studies in future work. 
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 TCARTSBA CIBARA
 ﻣﻠﺨﺺ ﺍﻟﺒﺤﺚ
ﺍﻟﺼﺮﺻﻮﺭ ﺍﻟﺒﻜﺘﻴﺮﻳﺎ ﺍﻟﻤﻌﻮﻳﺔ ﻓﻲ ﺃﻣﻌﺎﺀ  ﺻﻤﻢ ﻫﺬﺍ ﺍﻟﻌﻤﻞ ﻟﺪﺭﺍﺳﺔ ﺍﻧﺘﺸﺎﺭ       
ﺗﻢ ﺗﺸﺮﻳﺢ ﺍﻟﺼﺮﺍﺻﻴﺮ . ﺷﺮﻳﻜﻴﺔ ﺑﻼﺗﺎﺑﻴﺮﻳﺒﻼﻧﻴﺘﺎ ﺃﻣﺮﻳﻜﺎﻧﺎ ﻣﻊ ﺇﺷﺎﺭﺓ ﺧﺎﺻﺔ ﺇﻟﻰ ﺍﻹ
ﻋﻠﻰ  ﺗﻢ ﺍﻷﺳﺘﺰﺭﺍﻉ.ﺼﺮﻑ ﺍﻟﺼﺤﻲ ﻣﺤﺎﻓﻈﺔ ﺍﻟﺨﺮﻃﻮﻡﻟﻣﻦ ﺷﺒﻜﺔ ﺍﺍﻟﺴﺘﻴﻦ ﺍﻟﺘﻲ ﺟﻤﻌﺖ 
ﺍﻟﺒﻜﺘﻴﺮﻳﺎ  ﻛﺸﻔﺖ  ﻋﻦ ﻭﺟﻮﺩ ﺖﻓﺤﺼ ﺍﻟﺘﻲ ﺟﻤﻴﻊ ﺃﻣﻌﺎﺀ ﺍﻟﺼﺮﺍﺻﻴﺮ .ﺍﺟﺎﺭ ﻣﺎﻛﻮﻧﻜﻲ
ﻓﻘﻂ  ﻋﺰﻻﺕ 3ﺕﻭﺃﻇﻬﺮ .ﺍﻹﺷﺮﻳﻜﻴﺔ ﺑﻼﺗﺎ ﺷﺎﺑﻬﺖ٪ ﻣﻦ ﺍﻟﻌﺰﻻﺕ  83, ﻥﺃ ﺍﻟﻤﻌﻮﻳﺔ ،
ﺃﻇﻬﺮﺕ ﺍﻟﻠﻮﻥ ﺍﻷﺯﺭﻕ ﻋﻠﻰ ﺍﻟﻮﺳﺎﺋﻂ ﺍﻟﻠﻮﻧﻴﺔ  ﻭﺍﻟﺘﻲ ، ﺷﺮﻳﻜﻴﺔ ﺑﻼﺗﺎﻟﻼ ﺗﻄﺎﺑﻖ %001
ﻇﻬﺮﺕ ﺍﻟﻮﺍﻥ ﻭﺭﺩﻳﺔ ﺃ ﻟﻘﻮﻟﻮﻧﻴﺔﺍﻹﺷﺮﻳﻜﻴﺔ ﺍ ﺑﻴﻨﻤﺎ ﺍﻟﺒﻜﺘﺮﻳﺎ ﺍﻟﻤﻌﻮﻳﺔ ﺍﻷﺧﺮﻯ ﻣﺜﻞ
ﺑﻴﺮﻳﺒﻼﻧﻴﺘﺎ ﺃﻣﺮﻳﻜﺎﻧﺎ ﺍﻟﻲ ﺍﻥ ﺍﻟﺼﺮﺍﺻﻴﺮ ﺍﻷﻣﺮﻳﻜﻴﺔ  ﺍﻟﺪﺭﺍﺳﺔ ﺧﻠﺼﺖ .ﻭﺑﻨﻔﺴﺠﻴﻪ
ﻥ ﺗﺆﻛﺪﻫﺎ ﺍﻟﺪﺭﺍﺳﺎﺕ ﻣﺜﻞ ﻫﺬﻩ ﺍﻟﻨﺘﺎﺋﺞ ﻳﻤﻜﻦ ﺃ ﻭ ﺑﻼﺗﺎﻟﻼﺷﺮﻳﻜﻴﺔ  ﻣﻴﻨﺎﺀﺗﻌﺘﺒﺮ 
  .ﺔﻴﻘﺒﻠﺴﺘﺍﻟﻤ ﻟﺪﺭﺍﺳﺎﺕﺍﻟﺠﺰﻳﺌﻴﺔ ﻓﻲ ﺍ
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CHAPTER ONE 
INTRODUCTION 
  
     American cockroach, Periplaneta americana is the largest of the 
common domestic cockroaches measuring an average of 4cm in 
length. The American cockroach, P.americna, was introduced to the 
united states from Africa as early as 1625 (Bell and Adiyodi, 1981). 
The American cockroach has spread throughout the world through 
commerce. The cockroach is often found residing indoor as well as 
outdoor. It’s found mainly in basement, sewages, steam tunnels and 
draining system (Rust et al., 1991). American cockroach is found in 
many different habitats, as well as they generally live in moist areas. 
They can also survive in dry areas.  
American cockroach, Periplaneta americana is often found in 
close association with humans, living in homes, businesses and health 
care facilities .American cockroach is primary a crawling insect, 
(Edwards, 1986) which   may incidentally contact and carry human 
pathogens. Pathogen may then subsequently be mechanically 
transmitted to humans or to susceptible artifacts or surfaces which 
may then function as fomites or vehicles for indirect transmission. 
American cockroaches have been numeously linked to enteric bacteria 
such as the salmonellae (Kopanic et al., 1994 and Roth and Willis, 
1957). The cockroaches have been shown to feed readily on feces, 
sputum, skin scrapings and other human waste, and on a wide variety 
of human foodstuffs (Roth and Willis, 1967). 
 American cockroach can become public health hazard due to 
their association with human wastes and disease and their ability to 
move from sewages into homes and commercial establishment. The 
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American cockroach is harmful to the human and impact human 
health and economies is substantial. The greatest potential harm is 
being an agent for disease transmission. American cockroach can then 
contaminate people’s food. Also cockroaches can carry different 
pathogenic fungi, worms, protozoa, and viruses. American cockroach 
cockroach has been numerously linked to enteric bacteria such as the 
salmonellae (Kopanic et al., 1994; Rotha and Willis, 1957)., 
Escherichia coli, and other bacteria such as staphylococcus aureus 
and poliomyelitis virus (Roth and willis, 1967).               
Objective 
The objective of this study were  
1.  Isolate and identify enteric bacteria from intestines of the 
American cockroach (Periplaneta americana) with special 
references to Escherichia blattae  
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CHAPTER TWO 
LITERATURE REVIEW 
 
Kingdom:  Animalia 
Phylum:  Arthropoda  
Class     :  Insecta 
Order    :  Blattaria 
Family:  Blattidae 
Genus   :  Periplaneta 
Species:  Periplaneta americana   
2.1 Origin and Distribution  
              American cockroach is reported to have originated in the 
tropics of Africa from where it has been distributed throughout the 
world (Bell and Adiyodi, 1981). The spread of American cockroach 
was originally facilitated by international ship transport, possibly by 
European sailors (Kevan, 1979) or as an artifact of human slave trade 
(Rehn, 1945). On ships, American cockroach has found suitable living 
conditions from which they have been distributed with cargo to new 
habitats.  
In the United States, American cockroach is intimately 
associated with human sewage and sewer facilities from which they 
will enter bathrooms and basements (Brenner et al., 1987). It also 
occur in “restaurants, grocery stores, bakeries, eat-packing plants and 
other places where food is prepared or stored” (Bell and Adiyodi, 
1981).  
The American cockroach has spread throughout the world by 
commerce. The cockroach is often found residing indoors as well as 
outdoors. It is found mainly in basements, sewers, steam tunnels, and 
drainage systems (Rust et al., 1991). This cockroach is readily found 
in commercial and large buildings such as restaurants, grocery stores, 
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bakeries, and where food is prepared and stored. The American 
cockroach is rarely found in houses, however after heavy rain 
infestations the cockroach can occur in homes. It can develop to 
enormous numbers, greater than 5,000 sometimes being found in 
individual sewer manholes (Rust et al., 1991).  
American cockroach is found in moist shady areas outdoors, in 
yards, hollow trees, wood piles, and mulch. It is occasionally found 
under roof shingles and in attics. The cockroach dwell outside but will 
wander indoors for food and water or during extremes in weather 
conditions. In Florida, areas such as trees, woodpiles, garbage 
facilities, and accumulations of organic debris around homes provide 
adequate food, water, and harborages for peridomestic cockroaches 
such as the American cockroach (Hagenbuch et al., 1988). A mass 
migration of the American cockroach is common (Ebeling, 1975). It 
migrates by crawling or flying into structures often entering houses 
and apartments from sewers via the plumbing, by trees and shrubs 
located alongside buildings or trees with branches overhanging roofs 
facilitate the entry of cockroaches into the home. During the day the 
American cockroach, which responds negatively to light, rests in 
harbourages close to water pipes, sinks, baths, and toilets, for 
example, where the microclimate is suitable for survival (Bell and 
Adiyodi, 1981). 
2.2 Biology  
American cockroach is a relatively long-lived species. From 1
 
instar to adult, individuals may live for well over a year. After the 
molt to adulthood, females will mate within a period of one week, and 
will produce a sclerotized ootheca containing ~16 young (Bell and 
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Adiyodi, 1981). When fully developed, the oothecae will often be 
glued to a suitable substrate utilizing the saliva of the mother mixed 
with particles removed from the substrate to both secure the ootheca 
and provide camouflage. However, ootheca may also be deposited 
directly onto a surface, without the benefit of protective camouflage 
(Cornwell, 1976). After hatching, nymphs will undergo between 6 to 
14 molts (Bell and Adiyodi, 1981) over a period of several months 
(Barcay, 2004) depending on environmental conditions. 
Egg: Females of the American cockroach lay their eggs in a 
hardened, purse shaped egg case called an ootheca. About one week 
after mating the female produce an ootheca and at the peak of her 
reproductive period, she may form about two ootheca per week (Bell 
and Adiyodi, 1981). The females on average produce an egg case 
about once a month for ten months laying 16 eggs per egg case. The 
female deposits the ootheca near a source of food by either simply 
dropping it or gluing it to a surface with a secretion from her mouth. 
The deposited ootheca contains water sufficient for the eggs to 
develop without receiving additional water from the substrate (Bell 
and Adiyodi, 1981). The egg case is brown when deposited and turns 
black in a day or two. A typical egg case contains about 14 to 16 eggs. 
It is about 8 mm long and 5 mm high.  
Larva or Nymph: The nymphal stage begins when the egg 
hatches and ends with the emergence of the adult. The number of 
times an American cockroach molts varies from six to 14 (Bell and 
Adiyodi, 1981). The first instar American cockroach is white 
immediately after hatching then becomes a grayish brown. After 
molting instars of the cockroach nymphs are white and then become a 
uniformly reddish-brown with the posterior margins of the thoracic 
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and abdominal segments being a darker color. Wings are not present 
in the nymphal stages and wig pads become noticeable in the third or 
fourth instar. Complete development from egg to adult is about 600 
days. The nymphs as well as the adults actively forage for food and 
water.  
Adult: The adult American cockroach is reddish brown in 
appearance with a pale-brown or yellow band around the edge of the 
pronotum. The males are longer than the females because their wings 
extend 4 to 8 mm beyond the tip of the abdomen. Males and females 
have a pair of slender, jointed cerci at the tip of the abdomen. The 
male cockroaches have cerci with 18 to 19 segments while the female 
has 13 to 14 segments. The male American cockroaches have a pair of 
styli between the cerci while the females do not.  
2.2.3 Behavior 
     Cockroaches spend 75% of their time squeezed into narrow cracks 
and crevices for safety. The most preferred harborages are those of the 
proper size that are located near food and water sources, and which 
are warm and have a high relative humidity (Smith and Whitman, 
1992).  
2.3 Medical Importance  
       There are two primary reasons that cockroaches are cited as 
being detrimental to human health. First, cockroaches are a major 
source of allergens which cause asthma.  
Sensitivity to cockroach antigens was determined by exposing 
asthmatic adults and children to respiratory or dermal contact with 
cockroach faeces or cuticle particulates (Bernton and Brown, 1972; 
Kang, 1976; Kang and Chang 1985; Mendoza and Snyder, 1970; 
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Picone et al., 1975; Schulaner, 1970). It was found that specific 
cockroach antigens were responsible for the dermal and/or respiratory 
reactions in people sensitized to cockroaches. Cockroach antigens 
were categorized according to their molecular weight, and it was 
determined that the heavier the antigen, the more definitive the 
allergic reaction (Chang et al., 1983). 
A comprehensive study of the role of cockroaches in asthma 
and allergies evaluated 476 children from inner-city areas diagnosed 
as asthmatics. The researchers challenged the children with cockroach 
allergens and determined that 36.8 percent were allergic to 
cockroaches (Rosenstreich et al., 1997), specifically the German 
cockroach allergens, Bla g 1 and Bla g 2, which continue to pose a 
health threat in low-income housing (Arbes et al., 2004).  
Another major reason that cockroaches, primarily American 
cockroach, is  cited as detrimental to human health is their often close 
proximity to human fecal material (Eads et al., 1954); Schoof, and 
Siverly, 1954) and associated pathogens. Two references frequently 
cited as evidence that American cockroach captured from the wild is a 
carrier of a multitude of pathogens (Roth and Willis, 1957).  Except 
for parasites for which cockroaches are intermediate for hosts, the 
disease organisms are transmitted mechanically in the insect’s faeces, 
in its vomitus, and on its legs and body.  
There have been several important laboratory studies which 
have specifically demonstrated how Salmonella spp. may be 
potentially vectored via faeces of infected cockroaches and/or by 
mechanical transmission via contaminated cuticle. From American 
cockroach which were fed human feces infected with four serogroups 
from two species of Salmonella: S. typhimurium and S. montevideo, it 
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was found that recovery of S. typhimurium strain 5609 from the 
alimentary canal of the cockroaches occurred consistently at both 2 
and 7days after ingestion. Whereas, recovery of S. montevideo 
occurred only at the highest ingested dose (3.0 x 10
5
) for the B-33 
strain (Jung and Shaffer, 1952).  
         Olson and Rueger (1950) reported that S. oranienburg remained 
viable in the faeces of an American cockroach for 85 and 199 days at 
humidities of 52 to 56 and 31% respectively, and on experimentally 
inoculated pronota for up to 78 days after inoculation. Additionally, 
when infected faeces of an American cockroach has inoculated onto 
dried food products and glass surfaces, survival time at room 
temperature was as follows: on corn flakes, 3 years 3 months; on 
crackers, more than 4 years 3 months; and on glass slides, more than 3 
years 8 months” (Rueger and Olson, 1969).  
To demonstrate actual transmission, Kopanic et al., (1994) 
allowed American cockroach to feed on a S. typhimurium infected 
food source. The cockroach was then placed with other non-infected 
individuals. Cockroach, food and water were then tested and were 
positive for S. typhimurium at 24, 48, 72 and 96 hours. Methods of 
transmission were speculated to have been either through ingestion of 
infected faeces or food, contact with contaminated cuticle or ingestion 
of the contaminated water supply. Other experiments demonstrated 
that infect cockroaches could also contaminate eggs during a 24 h 
exposure period.  
2.5 Enteric Bacteria  
Of the human bacterial pathogens, American cockroach is most 
often associated with bacteria of the family Enterobacteriaciae, 
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primarily those in the genus Salmonella. Of the enteric bacteria, there 
are two which are of contemporary of medical concern: Salmonella 
spp. and E. coli O157:H7.  Species of Salmonella are very closely 
related to E. coli O157:H7 and non-pathogenic E. coli (NP E. coli), in 
the route of acquisition and subsequent transmission by American 
cockroach. Both Salmonella spp. and E. coli strains (to include E. coli 
O157:H7) are Gram negative, facultatively anaerobic bacteria that are 
usually motile by means of peritrichous flagella. Both are also 
chemoorganotrophic, capable of either respiratory or fermentative 
metabolism, with an optimal reported growth temperature of 37oC 
(Holt et al., 1994).  
2.5.1 Escherichia     
2.5.1.1 History of Escherichia coli 
        The dual nature of Escherichia coli as pathogen and commensal 
has long intrigued microbiologists. When Eschericha in 1885 studied 
the fecal flora of neonates, he did so to gain a better understanding of 
the pathogenesis of enteric infections. As a result he stated that “this 
species is now know to be closely related to the enteric Bacterium coli 
commune", which now bears his name as Escherichia coli and this 
species is known to be closely related to the enteric pathogens 
Shigella and Salmonella. The need to differentiate between 
commensal E. coli and bowel pathogens at first led to development of 
the biochemical tests that become the basis of modern bacterial 
taxonomy (Quinn et al., 2008). 
2.5.1.2 Classification of Escherichia coli: 
       The species Escherichia coli belongs to the genus Escherichia 
which belongs to the family Enterobacteriaceae, which belongs to the 
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order Enterobacteriales, which belongs to the class Gamma-
protobacteria, which belongs to the phylum Protobacteria, which 
belongs to the domain Bacteria (Bergey and Holt, 1994).  
        The family Enterobacteriaceae consists of five tribes: 
Eschericheae Kelbsielleae, Proteuseae, Yersinieae and Erwineae. The 
tribe Eschericheae consists of five genera: Escherichia, Edwardsiella, 
Citrobacter, Salmonella and Shigella. The genus Escherichia consists 
of six species: E. coli, E. adecarboxylata, E. fergusonii, E. hermenii, 
E. vulneris and E. blattae. 
2.5.1.3 Antigenic classification 
        The complex O, H and K antigenic structure of E. coli have been 
studied in detail because they form the basis on which the serotypes 
can be differentiated from one another. 
2.5.1.3.1 Somatic (O) antigens 
        These are occurring as a part of the bacterial body and composed 
of a polysaccharide phospholipid protein complex. 
2.5.1.3.2 Capsular (K) antigens 
         These antigens, which occur as envelopes or capsules on most 
strains of E. coli, are composed of polysaccharides. The K antigens 
show degrees of thermo-ability which are the basis for subdividing 
them into L, A and B varieties. 
2.5.1.3.3 Flagellar (H) antigens 
         These antigens are composed of protein. Passage of the strain 
through semi-solid medium often results in increased development of 
H antigen and motility. 
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2.5.1.3.4 Fimbrial antigens 
        Fimbriae occur as small filaments situated over the whole surface 
of a bacterium. Fimbriae are antigenic, and their antigens are not 
specific for bacterial serotypes or for groups. Repeated sub-culturing 
of fimbriated bacteria on solid media may result in the loss of 
fimbriae. Growth in fluid media encourages   their development.  
         Bacteria possessing fimbriae agglutinated red blood cells of 
various animal species and man. This form of haemagglutination 
reaction is due to the adherence of fimbriae to the surface of red blood 
cells (Buxton and Frazer, 1977). 
2.5.1.3.5 Lipopolysaccharide 
         Lipopolysaccharide is found in the cell wall, it’s an important 
virulence determinant. There are approximately 165 serologically 
distinct O-groups (Hirsh and Yuanchang, 1999). 
2.5.1.4 Normal habitat of E. coli 
          Escherichia coli is of a worldwide distribution. Many E. coli 
strains are a part of normal flora of the intestinal tract of man and 
animals. Some strains are free living occurring in soil, water and 
vegetation (Carter, 1985). E. coli becomes established in the intestine 
shortly after birth when the sterile intestine of the fetus is seeded with 
bacteria derived from the mother and environment. E. coli passes 
easily and reaches the intestine in newborn animals and humans when 
the stomach pH is nearly neutral. E. coli continues throughout adult 
live in the intestine and it is usually the dominant isolate on aerobic 
culture of feces or intestinal contents. Most strains of E. coli are 
harmless commensals but others are virulent pathogens that affect 
intestine or extra-intestinal sites (Gyles, 1993). 
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2.5.1.5 Morphology and staining reactions 
       Escherichia coli is a  Gram- negative, rod shaped organism, 
measuring 1.0 to 1.5 µm in width by 2.0 to 6.0 µm in length and it 
varies widely in morphology under different conditions. Rods are 
usually short, plump and some times rather long filament are seen. It 
can be motile by means of peritrichous flagella or it can be non motile. 
E coli never forms spores, and capsular materials are present on some 
strains, it stains readily and evenly with ordinary stains, fimbriae are 
frequently present (Hagan and Timoney, 1988). 
2.5.1.6 Cultural characteristics 
       Escherichia coli grow readily on all ordinary media, the optimum 
temperature for growth is 37º C but it can grow in a wide range of 
temperatures. It is aerobic and facultative anaerobic. Colonies grown 
on agar media are raised, smooth, glistening, gray and circular in 
outline. Heavily encapsulate strains appear mucoid and rough colonial 
forms are also occur. Some strains are beta hemolytic on blood agar 
(Hagan and Timoney, 1988). 
        Escherichia coli does not liquefy gelatin and does use citrate, it 
ferments glucose and other carbohydrates by means of conversion of 
pyruvate into lactic acid. Most strains ferment lactose (Hagan and 
Timoney, 1988). 
        Escherichia coli forms indole, usually in abundance; vigorously 
reduces nitrates and reacts negatively to the Voges-Proskauer test. The 
Voges-Proskauer test is valuable in distinguishing E. coli from 
Enterobacter aerogenes which reacts positively (Hagan and Timoney, 
1988). 
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2.5.1.7 Pathogenic Escherichia coli:  
        Six clinically distinct categories (pathovars) of disease-causing E. 
coli have been described. The different virulence and infective 
characteristics are derived from a combination of the factors 
determining surface adsorption and adherence of epithelium and the 
toxin that may or not be produced (Harrigan, 1998). 
2.5.1.7.1 Enterohaemorrhagic E. coli (EHEC) or Verocytotoxin-
producing E. coli (VTEC)   
    Its strains produce a cytotoxin against Vero cells (a tissue culture 
cell line from African green monkey kidney). They were first 
described in 1977 (Harrigan, 1998). 
2.5.1.7.2 Enteropathogenic E. coli (EPEC) 
         It does not produce high level of shiga-like toxins, but attach to, 
and efface micro-villi. EPEC strains are said to be “moderately 
invasive” meaning they are not as invasive as Shigella, and unlike 
enterotoxigenic E. coli (ETEC) or enteroaggergative (EaggEC), which 
cause an inflammatory response. The diarrhea and other symptoms of 
EPEC infection probably are caused by bacterial invasion of host cells 
and interference with normal cellular transduction, rather than 
production of toxin (Todar, 2005). 
Serovars include O55, O86, O111, O119, O125, O126, O127, 
O128ab O142 and O158 (Harrigan, 1998).   
2.5.1.7.3 Enterotoxigenic E. coli (ETEC)  
        It is an important cause of infant and travelers diarrhea in under 
developed countries or regions of poor sanitation. The disease varies 
from minor discomfort to a severe cholera-like syndrome. ETEC are 
acquired by ingestion of contaminated food or water, and adult in 
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endemic areas evidently develop immunity (Todar, 2005). ETEC 
possess particular colonization factor antigens and also produces heat-
labile (LT) toxin and heat-stable (ST) toxin. Serovars include: O6, O8, 
O15, O20, O25, O27, O63, O73, O78, O80, O114, O115, O128ac, 
O139, O148, O153, O159, O166 and O169 (Harrigan, 1998). 
2.5.1.7.3 Enterotoxigenic E. coli (ETEC)  
         It is genetically nearly identical to Shigella and has a number of 
antigens in common. In fact, in Bergey’s Manual (1994), it is 
suggested that E. coli and the four species of Shigella form a single 
species on the bases of DNA relatedness, and Shigella are merely 
metabolically inactive biogroups of E. coli. EIEC serovars include: 
O28ac, O29, O112, O124 (equivalent to Shigella dysenteriae 3), 
O136, O143 (equivalent to S. boydii 8), O144, O152 (equivalent to S. 
dysenteriae 12), O164 and O167 (Harrigan, 1998). 
2.5.1.7.5 Enteroaggregative E. coli (EaggEC) 
         The distinguishing feature of EaggEC is their ability to attach to 
tissue culture cell in an aggregative manner. These strains are 
associated with persistent diarrhoea in young children. They resemble 
ETEC strains in that the bacteria adhere to the intestinal mucosa and 
cause non bloody diarrhea without invading or causing inflammation. 
This suggests that the organisms produce a toxin of some different 
sort (Todar, 2005). 
2.5.1.7.6 Diffusively adherent E. coli (DAEC) 
        Its strains are even less well characterized than EaggEC 
(Harrigan, 1998). It is significantly associated with watery diarrhoea 
in children between 2-5 years, DAEC has been associated with four 
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different adhesions while toxins have not been described (Todar, 
2005).  
2.5.1.8 E. coli products of medical interest 
        Pathogenic strains of E. coli excrete at least five medically 
important products which include: 
2.5.1.8.1 Enterotoxins 
          Enterotoxins are usually plasmid-encoded proteins and occur in 
two forms, labile toxin (LT), which is a large heat-labile immunogenic 
protein of 91,000MW that is antigenically related to cholera toxin. 
The other, stable toxin (ST) is a family of non-immunogenic proteins, 
1500 to 2000 MW. These protein exotoxins affect the regulation of 
cyclic nucleotide activity within the cell. 
2.5.1.8.2 Sidrophores 
        These products allow microorganisms to acquire iron from the 
host; microorganisms must acquire iron from the environment. To 
multiply within the host, microorganism must acquire iron from the 
host iron-binding proteins because there is little free iron within the 
host. Sidrophores that remove iron from host iron-binding protein are 
necessary if a microbe is to have invasive capabilities. 
2.5.1.8.3 Shiga-like toxins 
         These are protein toxins similar in activity to Shiga toxins 
produced by Shigella. Both Shiga toxins and Shiga-like toxins inhibit 
protein synthesis following interaction with the 60s ribosomal subunit 
(Hirsh and Yuanchang, 1999). 
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2.5.1.8.4 Cytotoxic necrotizing factors (CNF) 
        Escherichia coli may produce CNF, which interacts with an 
epithelial cell small GTP-binding protein Rho, resulting in membrane 
“ruffles”. There are two types of CNF; CNF1 and CNF2, which are 
immunologically related and similar in size. 
2.5.1.8.5 Hemolysins 
       Escherichia coli produces at least three hemolysins (alpha-
hemolysis, enterohemlysin “Ehx” for EHEC and cytolysin A”Cly”). 
The alpha hemolysin is a protein secreted by many virulent strains of 
E. coli. The hemolysins damage cell membranes (Hirsh and 
Yanchang, 1999).  
2.5.1.9 E. coli infection in humans 
          Escherichia coli are associated with the following conditions in 
humans: 
- Acute gastro-enteritis in infants up to 2 years of age and rarely 
in adults with possibly lowered resistance.  
-  Infections of the urinary tract, especially in married women but 
also in girls and elderly men with prostatic enlargement. 
-  Other minor infections, e.g.: appendicular abscess, peritonitis, 
chole cystitis and wound infections (Okeke et al., 2000).  
 2.5.1.10 Biochemistry 
They frequently produce indole (except E. blattae and 
E.vulneris), ferment glucose by the mixed acid fermentation, do not 
produce H2s. phenyl aninedeaminase or urea’s, do not utilize citrate as 
sole carbon source (except some strains of E. blattae, and E. 
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fergusonii) Most are motile, ferment a variety of carbohydrates and 
decarboxylae arginine, lysine and or ornithine.  
2.5.1.2 Escherichia adecarboxylata  
It was described by leclerc, (1962). Strain as indole –positive, 
lysine decarboxylase – negative and usually produce yellow pigment. 
The species has received little attention but strains are occasionally 
isolate from clinical specimens’ .Ewing and Fife, (1972). Included 
E.adecarboxylata in Enterobacter agglomerans (Erwinia her-bicola) 
the species is certainly misplaced in Escherichia and new genus 
leclercia has been proposed to accommodate it (Tamura et al., 1986). 
2.5.1.3 Escherichia fergusonii   
It’s isolated from the animals and clinical material was 
proposed by farmer et al., (1985) to include a group of motile non 
lactose fermenting strain which is indole and lysine decarboxylase 
positive they differ from E. coli in their ability to ferment cellobiose.   
2.5.1.4 Escherichia hermanii  
Its isolate particularly from wounds, was described by Bennerr 
et al., (1982)to include motile, indole –positive strain which ferment 
cellobiose, grow in KCN and may produce a yellow pigment. On the 
suitable media, lactose fermentation and lysine decarboxylase 
production vary from strain to strain      
2.5.1.5 Escherichia vulneris  
It was also described by Brenner et al., (1982). As a new 
species to include a group of strain many of which were isolated from 
human wounds. They are motile, indole negative, lysine 
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decarboxylase positive and ferment cellobiosie; lactose fermentation 
is either delayed is absent.   
2.5.1.6 Escherichia blattae 
         Isolated from intestinal tract of cockroaches, has not been 
reported in clinical material. The species, which is indole- negative 
and non motile described by (Burgess et al., 1973).  
The organism named Escherichia blattae appeared as two 
biotypes, one of which was citrate and malonate positive, the other 
negative. In every other respect the two varieties were identical. 
The organism closely resembled E. coli, except for a positive 
gluconate reaction. However, a gluconate positive Escherichia, 
namely E. adecarboxylata, has been described (Leclerc, 1962). Apart 
from E. coli, the organism resembled most closely the following 
motile gluconate positive species: Hafnia alvei, Enterobacter spp. and 
Serratia marcescens. Correlation with all the above organisms was 
strengthened by negative PPA and H2s. reactions. 
Correlation between E.blattae and Escherichia spp. is greater 
than that between E. blattae and the other organisms shown, bearing 
in mind especially the modern view that lactose negative strains of 
Escherichia are acceptable. Although there was a close correlation 
between E. blattae and Hafnia alvei, numerical identification 
confirmed a closer relationship to Escherichia. The organism was 
tested against all known E. coli sera and no cross-reactions were 
detected. (Burgess et al., 1973). 
2.5.2 Salmonella  
           Salmonella is a genus of Gram-negative bacteria belongs to the 
family Enterobacteriaceae. Members of the genus are rod-shaped, 
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singly arranged or in groups. The genus Salmonella was named after 
Daniel Elmer Salmon, an American veterinary pathologist. While, 
Theobald Smith, was the actual discoverer of the type bacterium 
(Salmonella enterica var. Choleraesuis) in 1885 (Barons, 1996). Smith 
and Salmon had been searching for the cause of common hog cholera 
and proposed this organism as the causal agent. Later research, 
however, would show that this organism (now known as Salmonella 
enterica) rarely causes enteric symptoms in pigs, and was thus not the 
agent they was seeking (which was eventually shown to be a virus). 
However, many bacteria in the genus Salmonella were eventually 
shown to cause other important infectious diseases in man and animals 
(Janda and Abbott, 2006). 
2.5.2.1 Antigenic structure 
             The antigenic classification of salmonella is based on a 
number of antigens, namely O, H, K, M and antigens. The somatic (O) 
antigens are polysaccharides that associate with the body of the cell 
and are designated with Arabic numerals (Buxton and Fraser, 1977). 
These antigens are heat and alcohol stable (Kaufman, 1966). 
Serogroups of Salmonella are defined by particular somatic antigens; 
most Salmonella isolated in poultry belong to serogroups B, C, or D. 
             The (H) antigens are determined by flagellar proteins and are 
both heat and alcohol labile, divided in two phases, 1 and 2, and 
designated with small letters and Arabic numerals (Williams and 
Tucker, 1975). 
             The (K) antigens are capsular or envelope antigens (Kaufman, 
1966). A capsular antigen (namely VI) was discovered by Felix and 
Pitt (1943). This antigen is destroyed by boiling for 20 minutes. 
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             The (M) antigens are mucoid antigens which are found in 
mucoid strains of S. Paratyphi B (Kaufman, 1966). It is a 
polysaccharide-nitrogen free and produces more than 4% glucose on 
hydrolysis (Birch Hirschfield, 1935). The antigen is mucoid antigen 
and completely destroyed by heating at 120ºC and normal 
hydrochloric acid. Both S. Pullorum and S. gallinarum possess the (O) 
antigens 1, 9, and 12 (Wilson and Nordholm, 1995).  
2.5.2.2 Pathogenicity of Salmonella 
           Three toxins (endotoxin, enterotoxin and cytotoxin) play a role 
in the pathogenicity of Salmonella. The endotoxin produces fever, the 
enterotoxin causes mucosal damage in cell culture and the cytotoxin 
inhibits protein synthesis (Koo et al., 1984).  
2.5.3 Klebsiella  
Is a genus of non-motile, Gram-negative, oxidase-negative, rod 
shaped bacteria with a prominent polysaccharide-based capsule (Ryan, 
2004). Frequent human pathogens, Klebsiella organisms can lead to a 
wide range of disease states, notably pneumonia, urinary tract 
infections, septicemia, ankylosing spondylitis, and soft tissue 
infections.( Podschun and Ullmann, 1998).Klebsiella species are 
ubiquitous in nature (Bagley, 1985).   
 
 
2.5.3.1Antigenic structure  
          Members of the genus Klebsiella typically express 2 types of 
antigens on their cell surface. The first is a lipopolysaccharide          
(O antigen); the other is a capsular polysaccharide (K antigen). Both 
of these antigens contribute to pathogenicity. About 77 K antigens and 
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9 O antigens exist. The structural variability of these antigens forms 
the basis for classification into various serotypes. The virulence of all 
serotypes appears to be similar.  
2.5.4 Proteus 
          Gram-negative rods; motile. Aerobic and facultatively 
anaerobic. Three species - P. vulgaris, P. mirabilis, and P. penneri -
are opportunistic. 
On the species level, indole is considered reliable, as it is 
positive for Proteus vulgaris but negative for Proteus mirabilis. Some 
species are motile (Ryan and Ray, 2004). 
It has a characteristic "swarming" pattern (Matsuyama et al., 
2000). 
2.5.4.1 Human pathogens 
  Proteus includes pathogens responsible for many human 
urinary tract infections (Guentzel, 1996).  Proteus mirabilis causes 
wound and urinary tract infections.  
2.5.5 Hafnia alvei 
Hafnia alvei is a Gram-negative facultatively anaerobic bacillus 
that belongs in the family Enterobacteriaceae.  
2.5.5.1 Haffnia infection 
It is suspected to cause a variety of intestinal disorders, 
including gastroenteritis (Albert et al., 1991). H. alvei has also been 
isolated from various mammals (Sharma et al., 1991), fish (Gelev      
et al., 1991), birds (Kelly and Leicester, 1992).soil, water, (Allen       
et al., 1983) and a number of foods (Bremer et al., 1998). H. alvei 
possesses several different virulence mechanisms, which are similar or 
identical to those of other gram-negative enteropathogens (Albert      
et al., 1992). In humans, H. alvei is a recognized cause of a number of 
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illnesses, including pneumonia (Klapholz et al., 1994), abscesses 
(Agustin and Cunha, 1995),  
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CHAPTER THREE 
MATERIALS AND METHOD 
 
3.1 Materials  
3.1.1 Sampling 
3.1.1.1 Study area 
American Cockroach was collected from Khartoum province 
sewages, and transferred to the laboratory to study enterobacteria with 
special reference to Escherichia blattae.     
3.1.1.2 Sampling 
Sixty P. americana cockroaches were collected using sterile 
bottles.  
Processing of specimens; 
After transport to the laboratory cockroaches were washed in 
water, and then killed by alcohols and their whole digestive tracts 
were removed using sterilized instruments (scissor and forceps). The 
instruments were sterilized with alcohol and flamed during dissection. 
The whole digestive tract was cultured on MacConkey's agar and 
Nutrient agar which was incubated at 37c for 24h.        
3.1.1.3 Media 
Different types of media (solid, semi solid and liquid media) 
were used for the identification of the isolates. All media were 
prepared according to the manufacturer׳s description 
3.1.1.3.1 Solid Media 
a) Nutrient Agar (OXOID, CM 3) 
Twenty – eight grams of the powder were added to one liter of 
distilled water, dissolved and pH was121°C then adjusted to 7.4. The 
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medium was sterilized by autoclaving at 121°C for 15 minutes before 
being poured onto sterile Petri dishes in 20 ml volumes.    
b) MacConkey′s Agar (OXOID, CM7) 
Fifty-two grams of medium were suspended in a liter of 
distilled water, dissolved and the pH was then adjusted to 7.4. The 
medium was sterilized by autoclaving at for 15 minutes and then 
poured aseptically on sterile Petri dishes in 15 – 20 ml volumes 
c) Chromogenic detection 
Medium was prepared by suspending 45g of dray media in 1000 
ml of distilled water, heated until completely dissolved and sterilized 
by autoclave121°C for 15 minute 
Chromogenic substrates have proved to be powerful tool in the 
identification of microorganisms due to the specific enzymes 
produced by the target microorganisms. These enzymes cleave the 
chromogenic substrate that points up the microorganism by color 
differentiation of grown bacterial colonies.     
d) Urea Agar (OXOID, CM53) 
About 24 grams of medium were suspended in 95ml of distilled 
water, which was brought to boiling to dissolve the powder 
completely. The medium was then sterilized by autoclaving at 121˚C 
for 15 min, cooled to 50˚C and aseptically. 5 ml of sterile 40% urea 
solution were added, mixed and then distributed in 10 ml volumes into 
sterile bijou bottles and allowed to solidify in a slant position. 
e) Simmon′s citrate Agar (OXOID, CM155) 
Twenty – three grams were suspended in one liter of distilled 
water, boiled to dissolve completely and the pH was adjusted to 7.0. 
The medium was sterilized by autoclaving at 121˚C for 15 minutes 
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and distributed into bijou bottles in portions of 5ml each and left to 
solidify in a slope position.  
3.1.1.3.2 Semi-Solid Media 
a) Motility Medium (OXOID) 
Thirteen grams of nutrient broth was added to 4 grams of agar 
and dissolved in one liter of distilled water and the pH was then 
adjusted to 7.2. The medium was distributed as 5ml volumes in test 
tubes containing carigie- tubes and sterilized by autoclaving at 115 ˚C 
for 15 minutes. 
3.1.1.3.3 Liquid media 
a) Nutrient broth 
Thirteen grams of the medium were suspended in one liter of 
distilled water, dissolved and the pH was adjusted 7.4. The medium 
was distributed as 5ml volumes in test tubes and sterilized by 
autoclaving at 121˚C for 15 minutes. 
b) Peptone water 
Fifteen grams of the medium were dissolved in one liter of 
distilled water and the pH was adjusted to 7.2 .The medium was 
distributed into 5 ml volumes and sterilized by autoclaving at 121 ˚C 
for 15 minutes. 
c) Glucose Phosphate Broth (M.R-VP medium) 
  Five grams of peptone water and 5 grams of potassium 
phosphate were dissolved in one liter of distilled water and the pH was 
adjusted to 7.5. Then Five grams of glucose were added, mixed and 
the medium was distributed into 5ml volumes in test tubes and 
sterilized by autoclaving at 121˚C for 15 minutes. 
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d) Peptone Water Sugars 
  Nine hundred ml of peptone water was prepared and the pH was 
adjusted to 7.1-7.3 before 1 ml of Andrade′s indicator was added. Ten 
grams of appropriate sugar were added to the mixture, which was 
distributed into 5 ml tubes. They were sterilized by autoclaving at 
115˚C for 10 minutes. 
3.1.1.4 Reagents 
3.1.1.4.1 Kovac’s reagent  
This regent is composed of 5 grams of Para- dimethyl- amino Benz 
aldehyde, 75 ml amyl alcohol and 25 ml concentrated hydrochloric 
acid. Cooled and the acid were added carefully. The regent was stored 
at 4ºC for later use in the inodole test. 
3.1.1.4.2 Kovac’s reagent  
Filter paper strips, 4-5 mm wide and 50-60 mm long were 
impregnated in lead acetate saturated solution and then dried. It was 
used for the hydrogen sulphide test. 
3.1.1.3.3 Methyl red solution  
This solution was prepared by dissolving 0.04 grams of methyl red 
powder in 40 ml ethanol and the volume was made up to 100 ml with 
distilled water.  
3.1.1.4.3 Alpha- naphthol solution 
It was prepared as 1% aqueous solution and used for the  (VP) 
test. 
3.1.1.4.4 Andrade’s Indicator  
Five grams of acid fuchsin were dissolved in one liter distilled 
water, and then 150 ml of alkali solution (NaOH) were added. It was 
used in the peptone sugar medium. 
27 
 
3.1.2 Methods 
3.1.2.1 Sterilization 
3.1.2.1.1 Flaming  
Flaming was used to sterilize slides, cover slips and glass rods.  
3.1.2.1.2 Hot air oven  
Hot air oven was used, at 160 ºC for one hour, to sterilize 
glassware such as pipettes, Petri dishes, tube, flasks, and glass rods.  
3.1.2.1.3 Moist heating (Autoclaving)  
Media, solutions, screw-capped bottles, rubber 
Stop pared flasks and plastic ware were sterilized by autoclaving at 
121ºC  
For 15 min and 110ºC for 10 min for sugar media. 
3.1.2.1.4 Disinfection  
Alcohol (70%) and phenolic solution were used for disinfecting 
working places in the media preparation room and the floors and 
benches in the laboratory. 
Cultural methods 
3.1.2.2 Primary isolation 
For the primary isolation, the intestines were cultured on 
MacConkey′s agar and Nutrient agar the plates were incubated 
aerobically at 37ºC for 1-2 days. 
3.1.2.2.1 Examination of the cultures 
Cultures were examined visually for the detection of growth, 
pigmentation and colonial morphology. 
3.1.2.2.2 Purification and storage of the isolates 
Isolated bacteria were purified by repeated sub culturing on 
nutrient agar plates and incubated at 37ºC for 24 hours until pure 
colonies were obtained. The purified bacteria were stored at 4ºC. 
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3.1.2.2.3 Identification of the isolates 
Identification of the isolates was carried out according to 
Barrow and Feltham (1993). 
a) Primary identification 
Preparation of smears 
Smears were prepared by emulsifying small inoculum of the 
bacterial culture in a drop of sterile normal saline and spreading them 
on a clean slide. The smears were allowed to dry and fixed by gentle 
heating. 
Gram’s stain 
This was done as described by Barrow and Feltham (1993). It 
was used to study morphology, shape and gram staining reaction of 
each isolate. 
Gram’s staining method:  
1.  Crystal violet was added to fixed smear for 30 seconds.  
2.  Washed with distilled water.  
3. Lugol׳s iodine was added for 30 seconds.  
4.  Decolorized with acetone-alcohol for 2-3 seconds.  
5.  Washed with distilled water.  
6.  Counter stained with dilute carbol fuchsin for 30 seconds.  
7.  Washed with distilled water.  
8.  Dried with filter paper and examined under microscope by oil 
immersion objective lens. Gram-positive bacteria appeared 
purple, while Gram-negative bacteria appeared red.  
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3.1.2.2.4 Biochemical tests  
All the following biochemical tests were conducted and 
preformed according to Barrow and Feltham (1993). 
 
a) Primary test  
Motility test  
By a sterile wire, a small piece of colony was picked and 
stabbed in the center of the semi-solid agar in the carigie- tube. This 
preparation was incubated overnight at 37 ºC. The growth outside the 
carigie- tube and turbidity in the medium indicated that the organism 
was motile. 
Gas from glucose  
Tubes of glucose sugar medium were inoculated with the test 
culture and incubated for up to 7 days at 37 ºC. Production of acid was 
indicated by the development of a pink color in the medium and gas 
production was indicated by the presence of empty space in the 
inverted Durham’s tube.  
b) Secondary test  
Vogues- proskauer (VP) test  
Pure culture inoculated in test tubes or screw–capped bottle 
containing glucose phosphate broth and incubated overnight at 37 ºC. 
0.2 ml of 40% KOH and 0.6 ml of 5% alpha-naphthol solution were 
added to one ml of the culture and shacked. The tubes were then 
placed in slope position and examined; positive test was indicated by 
strong red color within half an hour.  
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Indole test 
Peptone water was inoculated with the isolate under test and 
incubated at 37ºC for 48 hours. Kovac’s reagent was added to the 
culture and shacked well. The development of a red ring on the 
surface of the culture indicated a positive result. 
Methyl red test (MR)  
Culture in peptone water was incubated over night and then 3-5 
drops of methyl red were added to the culture. Production of red color 
in the medium indicated a positive test. 
Urease test  
The test bacteria were inoculated on a slope of urea agar 
medium incubated at 37 ºC and examined for up to 5 days. The 
change of the color of the medium to pink indicated a positive result. 
Citrate utilizing test 
Simmon’s citrate medium was inoculated with the test 
organism, incubated at 37ºC and examined daily for 7 days. The color 
change to blue was positi ve and yellow was negative.  
Hydrogen sulphide (H2s) production  
A filter paper soaked in a 10% lead acetate solution was left to 
dry. The dry filter paper was put at upper side of the tube containing 
the culture, pushed with cotton cover and incubated overnight. The 
positive tubes or culture changes the color of the paper used to black.  
Acid production from carbohydrate 
Peptone water sugar (glucose, lactose, sucrose, and mannitol) 
medium was used. It was inoculated with the organism under test, 
incubated at 37 ºC and examined daily up to 7 days for aciproduction. 
Development of a pink or a red color indicated positive result. 
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Figure (1): American cockroaches (Periplaneta americana) 
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CHAPTER FOUR 
RESULTS 
 
      All sixty specimens of intestines of p. americana examined 
gave reveled growth of enterocbacteria. They were classified 
according to their biochemical properties and their colors on 
chromogenic medium as follows;        
      Escherichia coli (43%), E. blattae (38%), Haffnia alvei (6%), 
Klebsilla spp (5%), proteus (3%) and Salmonella spp (3%). The 
biochemical properties and characters are shown in Table (1). 
     All strains of E. coli fermented lactose with rose - pink color on 
MacConkey’s agar. On the other hand, on chromogenic media they 
formed mauve color colonies an indication of strain O157; H7. All 
isolates gave strong indole production with positive methyl red test 
(MR), and negative voges-proskauer test (VP), while none produced 
urease and hydrogen sulphide. According to these properties, the 
isolates could not be differentiated from E. coli, the properties of 
isolates suspected for E.blattae are shown in Table (2), according to 
their biochemical properties and behaviorwere classified as typical E. 
blattae showing 100% similarity to the standard strains, others showed 
variable similarity i.e.   92%, 84%and 76%. All the isolates were non 
lactose fermenter as seen on MacConkey’s agar.  On chromogenic 
media colonies were blue    (Fig. 2). Indole was not produced by all 
the strain isolated, and non of them produced urease and hydrogen 
sulphide. According to their biochemical properties and behavior on 
chromogenic media they were classified as typical E. blattae showing 
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Table (1): Characters and biochemical properties of the enterobacteria isolated 
from the intestines of American cockroach (Periplaneta Americana) 
 
Character  E. coli E.blattae Haffnia alvei 
Salmonella 
typhi. 
Proteus 
 
Klebsiellae 
spp 
No. of 
isolates 
26 
43.3% 
23 
38.3% 
4 
6.7% 
3 
5% 
2 
3.3% 
2 
3.3% 
Shape Rod Rod Rod Rod Rod Rod 
Motility     +    -       -       -     -     - 
 Lactose       +      +       -       +      +      + 
 Indole        -      -      +        -       -       - 
  Citrate       -      +       +            +       +       + 
Urease       +       -        +        +        +         - 
H2S       -       -        +         +        +         -    
MR        +       -         -          -         +         + 
VP        +     +         -          +        +          + 
Sucrose        +         -         +            +         -         + 
Glucose         +        -          -           -         -          + 
Mannitol          +        +          +           +         +           - 
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Table (2): Characters and biochemical properties of the Escherichia blattae 
isolated from the intestines of the American cockroach (Periplaneta 
americana) showing different similarities to standard strain 
Character E.blattae (100%) 
E. blattae 
(92%) 
E. blattae 
(84%) 
E. blattae 
(76%) 
No. of isolates 3 8 10 2 
Shape Rod Rod Rod Rod 
Motility - - - - 
Lactose + + + + 
Indole - - - - 
Citrate + + + + 
Urease - + - + 
H2S - - - - 
MR - - + - 
VP + + + - 
Sucrose - - + + 
Glucose - - - - 
Mannitol + + + - 
Color on Chromogenic 
medium Blue Blue Blue Blue 
 
 
 
 
 
 
 
 
 
 
 
 
 
35 
 
 
 
 
 
 
 
 
 
43.30%
38.30%
6.70%
5% 3.30% 3.30%
E. coli E. blattae H. alvei S. typhi. Proteus K.spp
 
Fig. (2): Biochemical properties of the enterobacteria isolated from the intestine of 
American cockroach (Periplaneta Americana) 
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Figure (3) Growth of Escherichia strain O157; H7 on chromogenic medium. 
 
 
 
 
 
 
 
 
 
37 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4) Growth of E. blattae on chromogenic medium 
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100% similarity to the stander strains Edwards and Ewing (1962)., 
92%, 84%and 76%. All the isolates were non lactose fermenters as 
seen on MacConkey’s agar   on chromogenic media colonies were 
blue (Fg2.).Indole was not produced by all the strain isolated, and 
none of them not produced urease and hydrogen sulphide.  
Haffnia alvei was also isolated from intestines of cockroaches 
examined. All isolates were non lactose fermenters they did not 
produce indole nor urease and hydrogen sulphid. 
    The examined intestines of the cockroaches revealed Klebsilla 
spp, while sowed typical reaction as described by Barrow and 
Felltham (2003). The organisms grew well in simple and selective 
media; Colonies were large mucoid and gave rose-pink colonies on 
MacConkey’s agar. All isolates were negative for indole but were VP 
Positive. Cockroach intestines   also gave growth to, Proteus spp 
(3%). Organism showed swarming growth. They were indole negative 
and citrate positive. There were also demonstrated Salmonella spp 
isolates which were non lactose fermenters, indole negative and citrate 
positive.  
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CHAPTER FIVE  
        DISCUSSION 
 
Great varieties of insect are carriers of pathogens. Cockroaches 
are known to carry a diverse pathogenic bacterial, flora, and different 
protozoan, pathogenic worms, fungus, and viruses, but their role in 
direct transmission of infections. Cockroaches have been established 
in past as carriers of enterobacteria such as Salmonella and 
Escherichia coli and E. blattae. Cockroaches are possible vectors of 
klebsiella pneumoniae in the hospital environment. 
In this study, the result of  culture intestines of 60 the  American 
cockroach showed that43% percent  bare Escherichia coli and 38% of 
samples  harbored Escherichia blattae, 6% haffnia alvei, 5% 
klebsiella pneumoniae, 3% proteus,and 3% salmonella typhi 
MacConkey’s agar proved to be satisfactory medium for the 
primary isolation and this agrees with Barrow and Felltham (1993). 
All the species of E.blaattae were indole negative, this is agreement 
with Burgess, McDermott and Whiting, (1973).The isolates were 
motile and which disagrees with Burgess, McDermott and Whiting, 
(1973), but agreed with Edwards and Ewing (1962). The organism 
Escherichia blatta appeared as two bio types, one of which was citrate 
positive, the other was citrate negative, this agrees with Edwards and 
Ewing (1962). The isolates of E. blattae were non- lactose fermenter 
which agrees with Edwards and Ewing (1962). They fermented 
glucose with production of gas but did not ferment sucrose. Methyl 
red (MR) was positive and voges’ porskers (VP) negative.  The 
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isolates of E. blttae did not produce hydrogen sulfide, did not ferment 
mannitol as reported by Edwards and Ewing (1962). 
On chromogenic media E.blattae gave blue colors, while E. coli 
gave mauve color. We could not trace similar findings in the literature    
Further work is needed to isolate more strain of E. blattae and study 
their properties    
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Conclusions                      
Enteric bacteria were found prevailing in samples of American 
cockroaches, indicating that it is the main source for many diseases. 
However, E. blattaewas detected. 
         The Chromogenic Medium was also used in this study, and 
found to be highly selective, specific and rabid method when 
compared with conventional media.  
Recommendation 
1. Prevention. This consists of inspecting all incoming items for 
cockroaches and oothecae, and making sure that the building is 
in good physical condition to reduce entry. , and Good 
sanitation 
2. Good sanitation. Such practices reduce the amount of available 
harborage, food, and water.  
3. Inspection. A thorough inspection using a flushing agent and 
flashlight is the key to successful control because it determines 
where the infestations/populations are and therefore, where 
treatment is required.  
4. Initial insecticide application. This utilizes residual baits, insect 
growth regulators (IGR's), liquids, aerosols, lacquers, and/or 
microencapsulated pesticides usually placed in cracks and 
crevices but occasionally on surfaces or in voids, and the 
dusting of appropriate voids.  
5. Follow-up or maintenance service. Such service consists 
primarily of inspecting with a flashlight and flushing agent  
and/or the use of monitoring traps to find missed or newly introduced 
cockroaches, and treating any active infestation found.   
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